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STUDIES OF PARAINFLUENZA VIRUSES.
11. Sorologic Interrelationships In Humans4
Serologic cross reactions have been demonstrated between members of
the parainfluenza subgroup of myxoviruses.7'- Similar antigenic relation-
ships have also been noted between mumps virus and each of the four
parainfluenza virus serotyes" and between mumps and Newcastle disease
virus.7'8 Furthermore, the DA virus,§ a myxovirus recently isolated from
human blood, which is serologically indistinguishable from the simian
virus SV5, was found to be antigenically related to mumps virus.9 "
This extensive degree of immunologic overlap between myxoviruses
raises obvious problems in the interpretation of serologic tests. The purpose
of the present study is to determine the specificity of serological reaction
to the parainfluenza, mumps, DA, and Newcastle disease viruses (NDV)
in humans under conditions of natural infection, and to assess the effect
of antigenic crossing on the results obtained in paired sera and on serologic
surveys of single samples of human sera. Antigenic crossing between these
viruses in animals after immunization will be reported in a separate
paper.
MATERIALS AND METHODS
Virus strains and antigen preparation
Parainfluenza virus type 1 (strain 3512) and parainfluenza type 2 (strain 3668)
were isolated in this laboratory.' Prototype strain C39 was used for parainfluenza
type 3. These three types of parainfluenza viruses were grown in rhesus monkey kidney
cell cultures using an acid medium containing Earle's salt solution, 0.07 per cent
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NaHCOs and 2 per cent ultra-filtrated fetal calf serum. DA viruse was propagated in
the rhesus monkey kidney cultures using Earle's salt solution containing 0.5 per cent
lactalbumin, 0.23 per cent NaHCOs, and 2 per cent calf serum. Infected tissue culture
fluids of these four types of viruses were used as antigens for the hemagglutination-
inhibition tests. Hemagglutinin titer of parainfluenza virus type 2 was low; therefore
the fluids were concentrated by osmotically forced dialysis using carbowax 20-M.'
NDV (strain B1 and California 11914) and mumps virus (Enders strain) were grown
in embryonated eggs and the infected allantoic fluids were used as antigens.
Serum samples
Human sera were collected during the period 1960-1962 from three sources: (1)
patients admitted to the Grace-New Haven Community Hospital, (2) students
admitted to the infirmary of Yale University and (3) samples submitted to the Virology
Laboratory, State Health Department, Hartford, Connecticut. These sera were obtained
from individuals of all ages with various suspected viral illnesses. In addition to 304
single serum samples, paired sera were available on 63 patients from whom no para-
influenza viruses were isolated, 10 patients from whom parainfluenza viruses were
recovered, and 10 patients clinically diagnosed as having mumps. All sera were
inactivated at 560 C. for 30 minutes at dilutions of 1:5 or 1:10 in phosphate buffered
saline (PBS).
Antibody determinations
Hemagglutination-inhibition (HI) tests were performed in polyethylene panels by
methods previously described.9 Four units of viral hemagglutinin were employed in all
tests and a 0.5 per cent suspension of guinea pig erythrocytes was used as the indicator
system. Nonspecific serum inhibitors were removed with either 0.9M potassium
periodate or 25 per cent kaolin treatment.
Antibodies capable of neutralizing DA virus infectivity were determined by the
plaque reduction method as previously described.' An 80 per cent or greater reduction
in number of plaques was considered to be positive for neutralizing antibody.
Complement-fixation (CF) tests were performed by using overnight fixation at
40 C. with two full (100 per cent) units of complement. CF antigens for parainfluenza
1, 2, 3 and mumps viruses were obtained from a commercial source.
An anticomplementary effect was obtained repeatedly when DA virus infected tissue
culture fluid or DA virus purified by adsorption and elution were used as CF antigens.
Subsequently it was found that "complement" purchased from five commercial sources,
as well as locally obtained adult guinea pig serum, all had neutralizing antibody to DA
virus at a titer of 1: 160 or greater. Thus, it was not possible to perform a CF test
with DA virus in the present study.
RESULTS
ANTISODY REPONSES IN PAIRED SERA
Mumps virus infections. Ten pairs of sera from persons with clinically
diagnosed mumps infections and/or with a significant rise in CF antibody
535YALE JOURNAL OF BIOLOGY AND MEDICINE
>4
z
44
u
0
z4
z
z
P44
0
1-4
U)
Z z
0
P4-
* ;t
4a)
.
Oa
0C)
-t
a.-
UZ
Volume 35, June 1963
00C C >C 00100 0 00 0,=>I 00 00C V-4 -4--1-4--4 - t - C9 -' -_ _4 _ -I_
V V V VVVV VV V V z V z Z;;ZZ;
N N Cq N N 0 C _ _ C C _ _ _ _ C N Of
Cn()1O8cI(=
(= R =Ic
(=I=
(=I0
c)Ic v
=Ic
cI(=
c>I
(N
Ie
?3
a')
t3
IL.I
(11 t3
CL
"V X3
>3
e L1
t. *t3
) o3
°> °I C=°l d°
(= d° N I R° XOI 00 N 00
V v _ -1_
00 C 00 oor 00C
-O -0
'I (q
IO
00 00 Ic 00 00 00 0 0 0 00 00N1
Vv N t N vV CV N V CV N oo oo _ _ N N N - "o
VV VV V V VV VVV
00 oo oo0 0 oo I ;s cq CM4 oo 00 41 cq N ?21 SCM ;s C N in in C\ 0E 4 U) to CMT" X
V-4 - (NI- in W-I 4 i
N N d- \01 N 0 NtI-t Nt - \0N 00 .0 00 00 '.0 (
m m V" # V- - I# - _ W # _ " )
ooz
CI INIt 0 0 oo (100 oo I N NI0 oo oo -Io oo I 0o\0 00( o [ I
_- _ _ 1 o v- X,
-
00 'IO_0 oIo- 00 00o00 00 00 00 0 00
- - -- - _ _ - - _1 (N C9NN
0 £l \0 \0 IC _ O \1 \ £ 0 \0 _ \0 \0 \0 Cq c 0
_- N
- 4_ In
4( _-.
00 N N 0 LO - -
(N 4 'I0 N 4 - N
-a
G)
u
av-
a
*-0
r.
0
0
II z
536
(=>~~~~~~~IE
c, (°=CsI t= Si C)oS
(= ISoI s o° oo o N OQoo o
A
00 0 c C "-
00 4
m ?
-4') 4') 4') - 4'~~~~Vi
A
"4
t3
CL,Serologic studies of parainfluenza viruses HSIUNG, ISACSON, TUCKER
titer to mumps virus were supplied by the Virology Laboratory of the
Connecticut State Health Department.* The paired sera were tested
for CF antibodies against parainfluenza 1, 2, 3 and mumps virus, for HI
antibodies against the same viruses and also DA and NDV, and for
neutralizing antibodies against the DA virus. The results are shown in
Table 1. In the CF results 8 showed fourfold or greater rise in antibody
to mumps, 6 showed a significant rise to para-2 and one to para-3. Similar
results were obtained in HI tests in which 10 showed a significant rise
to mumps, 9 showed such a rise to DA, 6 to para-2, 4 to para-3, and
1 to para-1. Eight pairs were also tested for neutralizing antibodies to
DA virus and three showed a rise in titer. The latter findings confirmed
our previous observations that HI antibody and neutralizing antibody
titers of DA virus were parallel."0 However, the titers of neutralizing
antibody were always lower and only significantly high titers can be
detected by the method used.
Parainfluenza and DA w4rus infections. Through the Virus Diagnostic
Laboratory of the Grace-New Haven Community Hospital, specimens
were available from 10 cases from whom parainfluenza or "DA" viruses
had been isolated. Clinical findings of eight of these cases have been
reported." Sera were collected early in the course of illness and at inter-
vals of 2 to 23 weeks afterward. Acute and convalescent sera were tested
for antibodies to parainfluenza 1, 2, 3, DA, mumps, and NDV viruses
by the hemagglutination-inhibition method; the results are shown in
Table 2. In one instance, a 5-month old infant (case 3663), no significant
rise in antibody titer was found, even to the parainfluenza-2 virus isolated
from the patient. In two other instances (cases 3539 and 3614), a signifi-
cant antibody response was noted only to the virus serotype isolated.
In the remaining seven paired sera (70%o), significant antibody rises were
noted not only to the virus isolated, but also to other serotypes as well.
Although it would seem unlikely, the possibility of simultaneous infections
with several myxoviruses cannot be positively ruled out, even though
only a single virus serotype was isolated from each case.
Unrelated zirus infections. A total of 63 serum pairs were obtained from
patients with clinical illnesses bearing no obvious relationship to the
* The authors are indebted to Dr. Martin Ross, Virology Laboratory, State Health
Department, Hartford, Connecticut for supplying the sera and CF data.
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viruses listed above. These included influenza* due to either Asian or B
influenza virus, enterovirus infections (Coxsackie, ECHO, and Polio-
viruses), and cases of infectious mononucleosis occurring in the Yale
undergraduate students.** Paired acute and convalescent sera were col-
lected and tested for HI antibodies to the six viruses under study. Results
are shown in Table 3. Significant antibody responses were noted in at
TABLE 3. ANTIBODY RESPONSES TO PARAINFLUENZA 1, 2, 3, DA, MUMPS, AND
NDV FROM PATIENTS WITH UNRELATED ILLNESSES
Number with response*
To one
No. or more To antigens of pairs antigen
Diagnosis tested types Para-1 Para-2 Para-3 DA Mumps NDV
Influenza** 7 1 0 0 1 0 ND ND
(Type A2)
Influenza** 8 1 0 0 1 1 0 0
(Type B)
Enterovirus 22 2 0 1 1 1 1 0
infection
Infectious 26 6 2 2 3 1 2 0
mononucleosis
Total no. 63 10 2 3 6 3 3 0
Per cent of total 16% 3.2% 4.7% 9.5% 4.7% 4.7% 0
* Fourfold or greater increase in HI antibody titer.
** College students.
least one serum pair of the indicated diagnostic groups. Of the 63 total pairs,
10 (16%o) showed a rise to one or more of the viruses tested, and 2
out of 22 in the enterovirus group (9%o) showed a rise to these agents.
As was the case with paired sera from patients infected with parainfluenza
viruses described above, a number of multiple rises were noted. Solely on
the basis of these data there is no way to determine the specific stimulus
responsible for the antibody responses which did occur. The simplest of
* Serum samples were supplied by Dr. John S. Hathaway, Director, Department of
University Health, Yale University.
** Serum samples were obtained through the courtsey of Dr. James Neiderman,
Department of Epidemiology and Public Health, Yale University School of Medicine.
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several possibilities is that the antibody rises resulted from infection with
one of the agents (or related agents) tested.
ANTIBODY SURVEYS IN SINGLE SERA
Age groups. Determination of HI antibodies against the six antigens
was made on 304 single serum samples. The results, arranged by age of
donors, are shown in Figure 1. An HI serum titer of 20 or greater
was considered positive. Approximately 90 per cent of the samples were
1.00 PARA-3
90 DA
so 80 'N MUMPS
PARA-Z
60
z 30
A 20
I0
NOV. o I AGE IN YEARS <1 2-5 6-10 11-20 21-30 31Z40 >41
NO. SAMPLES 66 62 47 30 27 22 60
TESTED
FIG. 1. Distribution of positive HI antibody to parainfluenza 1, 2, 3, mumps, DA, and
Newcastle disease viruses by age group.
positive for parainfluenza-3 antibodies in the age group 6-10, and the
percentage positive remained high in all older age groups. On the other
hand, only 50 per cent of the sera from children 6-10 years old had
para-1 antibodies and the percentage positive for this virus remained lower
than from para-3 for all subsequent age groups. Percentages of sera positive
for para-2, mumps, and DA antibodies were almost identical in the 6-10
age group, but showed no regular pattern thereafter.
Frequency and distribution of HI antibody titers. An analysis of the
304 serum samples on HI antibody titers to the six antigens is shown in
Figure 2. An individual with a titer of 10 or less was considered to be
a negative reactor. Although a significantly high percentage of positives
was obtained with para-1, the HI titers for this virus type ranged from
20-40, and only 6 per cent of the titers were 160-320 or greater. On the
other hand, in 29 per cent, titers of 320 or greater were noted for para-3,
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and only 3-8 per cent of the titers ranged from 20-40. A titer of 20 was
evident to NDV in six samples, and the remaining sera were all negative.
Para-2, mumps and DA viruses showed similar HI antibody patterns,
which were equally distributed at titers of 40-160 range.
Correlation of positive antibody responses to parainfluenza 1, 2, 3, DA
and mumps viruses. When sera positive or negative to any one agent were
selected and arranged according to the percentage of these same sera
100 PARA- I PARA-3 5 NOV
,,50
40
00
go
0 12
1 0
0
ANTIBODY TITERS
FIG. 2. Distribution of HI antibody titers for parainfluenza 1, 2, 3, mumps, DA, and
Newcastle disease (NDV) viruses. (Total: 304 serum samples.)
with antibodies to the other agents, the pattern shown in Table 4 was
obtained. As shown in the upper half of the Table, a selection of sera
positive to any one of the five antigens resulted in simultaneous selection
of sera with an increased incidence of antibodies against the other four
viruses. In addition, the greatest negative correlation was obtained with
para-3 virus, among the five viruses tested (lower half of table).
DISCUSSION
The data on paired sera from humans with naturally occurring para-
influenza, DA, and mumps virus infections indicate that heterotypic
antibody responses are common. Although multiple infections cannot be
positively ruled out in these instances, the number of heterotypic responses
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in infected cases (Tables 1 and 2) in comparison to the number of rises
in unrelated conditions (Table 3) was too high to make this a feasible
explanation.
In view of the degree of cross reactions to these viruses, it is clear
that specific etiologic diagnosis cannot be made on the basis of HI antibody
changes alone. The current practice of diagnosis of mumps on the basis
of CF antibody rise might also be questioned in view of these results.
The finding that viral neutralizing antibody rise as a cross reaction is
TABLE 4. CORRELATION OF PosITIvE OR NEGATIVE ANTIBODY RESPONSES
TO PARA-1, 2, 3, DA AND MUMPS VIRUSES
Positives Percentage of positives
Antigen No. % of304 Para-1 Para-2 Mumps DA Para-3
Para-1 165 54 100 72 78 85 90
Para-2 192 63 63 100 78 80 89
Mumps 214 70 61 69 100 80 88
DA 224 74 63 68 77 100 93
Para-3 253 83 59 68 74 82 100
Negatives Percentage of positives
Antigen No. % of304 Para-1 Para-2 Mumps DA Para-3
Para-1 139 46 0 52 62 60 75
Para-2 112 37 41 0 59 61 73
Mumps 90 30 41 49 0 58 74
DA 80 26 31 45 52 0 58
Para-3 51 17 31 41 55 33 0
also significant in that it indicates that this test may offer no advantages
in type-specific diagnosis.
Although antigenic cross relationships between mumps virus and the
different types of parainfluenza virus have been repeatedly observed in
previous studies,"3-10 the degree of interrelationship between these viruses
was not clearly defined. In view of the high incidence of heterotypic rises
to para-2 and DA viruses in mumps patients( Table 1), it would seem
that para-2, mumps and DA viruses are more closely related to each other
than to para-1 or para-3 viruses.
In view of the antigenic overlapping, it is difficult to assess the sig-
nificance of such serologic surveys. Certainly the results obtained reflect
542
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the experience of the population tested with myxoviruses of this general
group. However, precise statements as to the distribution of any single
virus cannot be made.
The absence of HI antibody to NDV in the paired sera from mumps
patients, and also in the single serum samples, was in contrast to a
previous report7 that antihemagglutinin factor to NDV was noted in sera
of mumps patients. It is possible that the NDV strain, California 11914,
used in the present test, was modified due to laboratory manipulations.
The results in terms of per cent positive for HI antibodies in 304 samples
to the five antigens studied are as follows: para-1, para-2, mumps, DA,
and para-3 were 54, 63, 70, 74 and 83 respectively. The high incidence
of positive reactors to these viruses in the present study may be related
to the following factors: (1) sera were collected from hospitalized patients;
(2) virus strains used for para-1 and para-2 antigens were local isolates.
However, the results obtained in the present study are, in general, in
agreement with reports on sera collected from normal populations in
different parts of the world"8"' in that parainfluenza type 3 was the most
prevalent, followed by parainfluenza types 2 and 1.
The finding of neutralizing antibody to DA virus in normal guinea
pig serum and in different lots of "complement" from various sources
was of some practical importance for the laboratory dealing with diagnostic
procedures. It was our experience that difficulties were encountered in
performing complement fixation test with these viruses without realizing
the presence of specific antibody in the reagents of the test system.
SUMMARY
Paired human sera from cases of mumps, parainfluenza, and DA virus
infections and a variety of unrelated disease conditions were tested for
antibody response against parainfluenza types 1, 2, 3, DA, mumps, and
Newcastle disease viruses. Antibody rises were found not only against
the infecting virus, but against other members of the group as well. HI
antibodies to the same viruses, using 304 single sera from the New Haven
area, were analyzed according to age distribution, level of antibody, and
interrelationship of positive and negative reactors.
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